Supplementary Figures
Figure S-1: Scheme of the online SCX-RP-MS/MS settings. Sample, displacer pulses and salt pulses are injected by an autosampler and loaded onto the strong cation exchange (SCX) column installed directly behind the autosampler valve (A: nanoACQUITY UPLC, Waters, Manchester, UK; B: UltiMate 3000 RSLCnano UPLC, Dionex, Thermo Fisher Scientific, Bremen, Germany). Non-binding and eluting components were trapped on the reversed phase (RP) trapping column. Pump A delivers the ACN-gradient to elute peptides from the trapping onto the separation column. The separated peptides are infused into a ESI-Q-TOF mass spectrometer (A) or into a ESI-Q-IT-OT mass spectrometer (B). Further abbreviations: W: waste; 1 and 2: valves. performed with an online SCX-RP-MS/MS system, using pulsed injections of the displacer. Sample: 5 µg of tryptic peptides from a HeLa digest. For visualization of the SCX separation, the number of identified peptides with different peptide charge-states (PCS +1, +2, +3, +4, +5) were applied against the pulse number. Peptides were eluted by repeated injections of the displacer molecule spermine (25 ng per pulse). For optimizing the separation and analysis time, the amount of the displacer was fitted to the elution behavior observed in this figure. The vertical dotted lines mark the fraction size and give information about the number of displacer pulses that were combined. The following displacer pulses were determined and applied for the following experiments in displacement chromatography mode ( . Bar charts showing the number of proteins for which the same (DCM=GCM) or a higher sequence coverage in DCM or GCM was achieved in the first (E), second (F) and third (G) replicate, and for proteins identified in all replicates (H, median with SD, **: p< 0.01 (two-way ANOVA)). Only proteins identified in both DCM and GCM were considered.
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Online SCX-RP-MS/MS set-up
Online 2D-LC-MS/MS analysis was performed with strong cation exchange (SCX) chromatography in the first dimension and reversed phase (RP) chromatography in the second dimension. Experiments for investigating binding capacity and displacer pulses for the SCX column were performed with a nanoACQUITY UPLC (Waters, Manchester, UK) system coupled to a ESI-Q-TOF mass spectrometer (Q-TOF Premier, Micromass/Waters, Manchester, UK) ( Figure S-1 A) . Experiments comparing displacement chromatography mode (DCM) with gradient chromatography mode (GCM) were performed with an UltiMate 3000 RSLCnano UPLC system (Dionex, Thermo Fisher Scientific, Bremen, Germany) coupled to a ESI linear trap quadrupole orbitrap mass spectrometer (Orbitrap Fusion, Thermo Fisher Scientific, Bremen, Germany) ( Figure S-1 B) . For SCX chromatography, an OPTI-PAK SCX trap column (5 µm particle size, 120 nL bed volume, Dichrome, Marl, Germany) was used. The SCX trap column was installed directly behind the injection valve (nanoACQUITY, Figure S-1 A) or the autosampler valve (Ultimate 3000, Figure S-1 B) . For ESI-Q-TOF analysis, SCX trap column was connected directly with a RP trap column (nanoACQUITY UPLC Symmetry C18 trap column, 180 μm × 20 mm, 5 µm, 100 Å, Waters, Manchester UK) that was connected with the RP separation column (nanoAcquity UPLC column, BEH 130 C18, 75 μm × 150 mm, 1.7 µm, 100 Å, Waters, Manchester, UK) via a T-piece (Supplementary Figure 1 A) . For ESI-Q-IT-OT analysis, SCX trap column was connected with the trapping valve in the column oven via a capillary (nano-viper). The trapping valve was equipped with a RP trap column (Acclaim PepMap µ-precolumn, C18, 300 µm x 5mm, 5 µm, 100 Å, Thermo Fisher Scientific, Bremen, Germany) and a RP separation column (Acclaim PepMap 100, C18, 75 μm × 150 mm, 2 µm, 100 Å, Thermo Fisher Scientific, Bremen, Germany). The electrospray was generated from a fused-silica emitter (I.D. 10 μm, New Objective, Woburn, USA) at a capillary voltage of 1650 V (Q-TOF) or 1850 V (Q-IT-OT). The MS analysis was performed in positive ion mode. Q-TOF and IT MS/MS analysis were carried out in data dependent acquisition mode (DDA) as described in detail 1, 2 . Q-TOF MS survey scans were performed over an m/z range from 400-1500 with a scan-time of 0.6 sec and an interscan delay of 0.05 sec. The two most abundant signals were used for fragmentation. MS/MS scans were performed over a m/z-range from 100-1500 m/z with a scan-time of 0.95 sec and a collision ramp from 22-30 eV. An online exclusion was used to prevent multiple fragmentation events (exclusion time: 20 sec, exclusion window: +/-2 m/z). OT MS survey scans were performed over a m/z range S-18 from 400-1500 m/z, with a resolution of 120000 FWHM at m/z 200 (transient length= 256 ms, maximum injection time= 50 ms, AGC target= 2e5). MS/MS scans were carried out in the IT in high speed mode (1 survey scan/sec) using a normalized HCD collision energy of 28%, an intensity threshold of 1e6 and a quadrupole isolation width of 1.6 m/z. An online exclusion of 20 sec (+/-20 ppm) was used to prevent multiple fragmentation.
Data Analysis
For generating peptide charge state (PCS) plots, the peptide charge state was calculated based on the peptide amino acid sequence at a pH of 2.3, the pH of the mobile phase used for SCX in DCM and GCM. The calculation was performed with a Mathematica script (Wolfram research, version: 11.1.1.0) as follows: +1 for each basic amino acid (H, K, R), +1 for the N-terminus, unless the N-terminus was acetylated as described 3 .
For calculating the peptide charge state distribution of tryptic peptides from the human proteome, the human proteome was digested in-silico using a Mathematica script. For this, the SwissProt human database (UP000005640, downloaded November 10, 2016, 20,161 entries) was used. All protein sequences were split at the tryptic sites. Peptides with missed cleavages were not considered because they would introduce a bias towards higher charge states due to their higher number of the basic amino acids K and R and peptides with fewer than 6 or more than 60 amino acids were excluded. This resulted in a total number of 591,310 peptides. The theoretical net-charge state was calculated for each of the 591,310 peptides according to the rules introduced above.
Statistical significance tests were performed with GraphPad Prism (Version 5.0). For statistical significance tests the Kruskal-Wallis test (number of identified peptides and proteins) and two-way ANOVA (protein sequence coverage, purity of fractions) were used. Histograms for peptide and protein intensities and Pearson's correlation analysis were performed with Perseus (Version 1.5.8.5).
Shannon Entropy
In order to express the amount of information obtained in displacement chromatography mode (DCM) and in gradient chromatography mode (GCM), we employ Shannon Entropy measurement of information (Eq. 1), where p(x) is the probability to find a peptide in a pulse and i corresponds to the index of the pulse. For all pulses in DCM and GCM histograms were created and the probability to find a peptide in a pulse i is given as p(x) where x ∈ i. The amount of information obtained for DCM and GCM is expressed by computing the Shannon Entropy (SE).
